Sera from rams infected with and excreting Brucella ovis in the semen (shedders), as well as from animals which had recovered from previous experimental challenge with B. ovis, were analyzed for their serological reactivities against cytosolic antigens of the bacterium. Membrane vesicles, including outer and inner membrane components, were precluded from the analyses by subjecting French-pressed bacteria to ultracentrifugation. The resulting cytosolic supernatant was fractionated into four major antigenic fractions, fractions A, B, C, and D, by high-pressure liquid chromatography. Temporal enzyme-linked immunosorbent assays with the A antigen revealed that all shedder rams displayed a rise-and-surge response, while rams which recovered from experimental challenge showed a rise-and-fall profile. The B antigen was less discriminatory in detecting a difference between the two ram groups, while C and D antigens were serologically unreactive in the enzyme-linked immunosorbent assay. In contrast to the reactivity patterns shown by native high-pressure liquid chromatography-fractionated cytosolic supernatant antigens, immunoblotting of C and D polypeptides generated by boiling in the presence of sodium dodecyl sulfate and mercaptoethanol was particularly useful in distinguishing between sera collected at the mid-surge phase of infected rams from sera obtained at the mid-fall stage of recovered animals. It is likely that native or denatured antigens of different cytosolic fractions may provide useful serological reagents for differentiating between infected rams and those which have recovered from exposure to B. ovis.
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Brucella ovis infection in rams is a disease of the genital tract (2) . Infections are acquired by heterosexual transmission, but recent studies have shown that it can also occur by other routes, depending on the mating behaviors of rams in the field (16) . For instance, intranasal infections occur when rams nose the external genitalia and perineum of carrier ewes or occur intrarectally when rams mount other rams (homosexual transmission). Like other Brucella infections (13) , B. ovis is an intracellular pathogen and becomes sequestered from host immune surveillance when it is phagocytosed. Depending on the route of infection, the bacterium ultimately localizes in the reproductive tract, where it embarks on a proliferative phase. It is at this time that infected rams shed bacteria in the semen. Attempts to detect B. ovis in Formalin-fixed, paraffin-embedded genital tissues of infected rams by an indirect peroxidase-antiperoxidase technique have revealed a foci of bacteria in inflammatory cells in the epididymis and seminal vesicles, with very little localization in the epithelia (11) .
The serological response of rams to B. ovis following intranasal, intrarectal, or preputial challenge has recently been examined by whole-cell enzyme-linked immunosorbent assay (ELISA) (5) . Results of these studies have shown that there are three serological response patterns irrespective of the challenge route. Exposed but clinically uninfected rams either showed a null cell ELISA response (abortive infection) or else developed a rise-and-fall serology corresponding to a presumptive exposure-recovery phase of infection. In contrast, all clinically infected rams that excreted B. ovis (shedders) showed a rise-and-surge ELISA response. Tem ever, seroconversion at any one time point without clinically confirmed lesions or a positive semen culture would, in itself, be an unacceptable criterion for the assessment of infection status. Since B. ovis is an intracellular pathogen, it is possible that infected rams may be exposed to intracellular antigens of the bacterium during its proliferative phase in the reproductive tract. Identification of seroreactive antigens at this phase of infection might provide useful assay reagents for the asymptomatic detection of productive infections. To examine this possibility, we compared the antibody reactivity profiles of experimentally infected rams in the recovery or infective phase against cytosoluble antigens of B. ovis fractionated by high-pressure liquid chromatography (HPLC).
MATERIALS AND METHODS
Growth of bacteria. Lyophilized stock cultures of a laboratory-adapted strain of B. ovis 301 were revived from ampoules by resuspension in brain heart infusion broth (Oxoid) and subcultured onto sheep blood agar plates (3). Bacteria were harvested 5 days later after incubation at 37°C in a 10% C02-in-air mixture.
Preparation of cytosoluble antigens. "Recovery sera" were obtained from rams 20 weeks after they were mated to ewes which had been previously instilled, intravaginally, with infected semen (16) . Serum was collected only from clinically normal or uninfected rams which displayed a rise-and-fall whole-cell ELISA response (n = 4; Rv 1 to Rv 4). Semen ejaculated from these rams was culture negative. Three of the four rams had a complement fixation titer of 8, while the remaining ram had a complement fixation titer of 16. In addition, reproductive tissues from these rams were also culture negative at the time of necropsy.
Source of temporal sera from experimentally infected rams. Temporal sera were collected from eight rams (TS 1 to TS 8) in a separate trial. These animals were selected from a larger group which was previously challenged intrapreputially, intraconjunctivally, and intravenously with B. ovis as described by Chin and Plant (5) .
Sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE). Electrophoresis of proteins was carried out in mini-polyacrylamide gels (Hoeffer) under reducing conditions as described by Laemmli (14) . Samples were heated at 100°C for 5 20) , washed in TSTw, and then reacted with ram antisera diluted in TSTw. Ovine antibodies which bound to polypeptides on the nitrocellulose were located by reaction with alkaline phosphatase-conjugated monoclonal antibody with specificity against ruminant IgG, IgA, and IgM (8) .
Protein estimation. The protein content of fractionated cytosoluble antigens were determined by a modified Lowry procedure (15) . RESULTS HPLC fractionation of Cysup. The A280 profile of HPLCfractionated Cysup is presented in Fig. 1 Fig. 1 ).
subunit banding compositions of fractions A, B, C, and D
were sufficiently different to provide a polypeptide fingerprint characteristic of each fraction. Antibody profiles of sera from infected and recovery rams. Infected sera from six rams that shed B. ovis were compared with sera from four abortively infected rams that were exposed but that remained clinically uninfected. Although minor differences in the immunoblots were visible between infected and recovery antisera, the reactivity profiles of only a representative ram from each of the two categories is depicted in Fig. 3 . In this particular example, the complement fixation titers of rams In 3 and Rv 4 were 32 and 16, respectively. Reactivities of both antisera against unfraction- ELISA reactivities of infected and recovery sera. The relative ELISA reactivities of sera from six infected and four recovery rams are summarized in Table 1 . The ELISA responses against HPLC-fractionated A and B antigens were essentially similar for all sera tested. Generally, serum samples with higher complement fixation titers reacted better against antigen A than they did against antigen B. Both HPLC-fractionated antigens C and D were poor ELISA substrates against all antisera.
ELISA profiles against fraction A in experimentally challenged rams. Since the A antigen appeared to be serologically superior to other cytosoluble antigens fractionated by HPLC, an attempt was made to test whether this fraction was able to detect rise-and-surge or rise-and-fall ELISA responses following experimental challenge of rams TS 1 to TS 8 with B. ovis. The temporal responses of individual rams that exhibited a rise-and-fall or a rise-and-surge ELISA are shown in Fig. 4 and 5, respectively. Although there were obvious minor differences between individual animals in the timing of the rise-and-surge or rise-and-fall response, the two trends were clearly detectable with the A antigen.
Immunoblot profiles of experimentally challenged rams. Because the times of the surge-or-fall responses of different rams were different, only sera collected at the midpoint of each surge-or-fall phase were used in immunoblotting. The ensuing immunoblots against antigens C and D are depicted in Fig. 6 and 7, respectively. With antigen C (Fig. 6) (Fig. 7, lanes f, g, and i) displayed prominent reactivities against D polypeptides with apparent molecular masses of 62, 52, and 28 kDa. Prominent bands of reactivity were also located between 15 and 17, 17 and 19, and 19 and 21 kDa for surge antisera. In contrast, fall antisera were considerably much weaker in their reactivities and also reacted more erratically against fewer polypeptides (Fig. 7, lanes a through d) . Fig. 4 and 5, respectively. Lanes: a through d, serum collected from the mid-fall point of rams TS 1 to TS 4 at weeks 9, 11, 12, and 11 respectively; e, pooled sera from prechallenged rams TS 1 to TS 8; f through i, serum collected from the mid-surge point of rams TS 5 to TS 8 at weeks 10, 12, 11, and 10, respectively. Numbers on the right are apparent molecular masses (in kilodaltons).
DISCUSSION
Host immune responses are expected to be directed mainly against surface antigens of invading pathogenic bacteria during the primary encounter between host and pathogen (9 Fig. 4 and 5, respectively. Lanes: a through d, serum collected from the mid-fall point of rams TS 1 to TS 4 at weeks 9, 11, 12, and 11, respectively; e, pooled sera from prechallenged rams TS 1 to TS 8; f through i, serum collected from the mid-surge point of rams TS 5 to TS 8 at weeks 10, 12, 11, and 10, respectively. Numbers on the right are apparent molecular masses (in kilodaltons). 4 and 5 confirmed that fraction A was able to distinguish between rams that had a rise-and-surge or rise-and-fall response. Antigen A therefore performs as well as the whole-cell ELISA (5) in its ability to detect infected or shedder rams from exposed but uninfected animals.
A comparison of the subunit reactivities of antigens A and B revealed little difference in their reactivity profiles against infected or shedder rams and those that had recovered from experimental exposure to B. ovis. In contrast, sera from infected rams reacted against many subunit determinants in fractions C and D which were not seen by sera from exposed but uninfected rams (Fig. 3) . However, it is important that immunoblot profiles of individual rams against different antigenic preparations may well encompass antibody binding to several polypeptides with identical apparent molecular masses. Therefore, reactivity against, for example, the 42-and 18-kDa bands located in the same apparent molecular mass zone in fractions C and D need not represent identical determinants.
Like other Brucella infections, B. ovis is rapidly phagocytosed and has evolved adaptive strategies which resist intracellular degradation by macrophages. Intracellular pathogenicity probably provides a mechanism for the bacterium to evade immunological surveillance. When the bacterium reaches the reproductive tract, it embarks upon a proliferative phase. Once 
